LIBRARY 

OF  THE 

MASSACHUSETTS  INSTITUTE 
OF  TECHNOLOGY 


'■■.'•Vit-'i'  '■'''■'.     i 


Dewey 


WORKING  PAPER 
ALFRED  P.  SLOAN  SCHOOL  OF  MANAGEME 


Product  Interdependency 
in  New  Product  Decisions 

221-66 

Glen  L.  Urban 


f,/!ASS.  t.r.ST.TECH. 
SEP  18  1967 
DEWEY  LIBRARY 


MASSACHUSETTS 
INSTITUTE  OF  TECHNOLOGY 
i  50  MEMORIAL  DRIVE 

CAMBRIDGE,  MASSACHUSETTS   02139 


Product  Interdependency 
in  New  Product  Decisions 


221-66 
Glen  L.  Urban 


MASS.!MST.T£CH 
SEP  18  1967 
DEWEY  LIBRARY 


A  paper  presented  at  the  1966  American  Marketing  Association 
Fall  Conference,  Bloomington,  Indiana. 


H1>J2 

.-yn  V/V 


RE 

2i'C\ 

OCT 

2 

1957 

M 

I.  T. 

LIBRAKItS  J 

INTRODUCTION 

The  role  of  new  products  in  the  growth  and  continuing  profitability 
of  modern  businesses  has  been  universally  recognized  by  marketing  prac- 
titioners and  educators.   This  recognition  has  prompted  the  development 
of  a  considerable  literature  concerning  new  product  decision  making 
procedures.   Throughout  the  literature  one  significant  factor  has  been 
largely  neglected  or  considered  only  on  a  subjective  verbal  basis. 
This  factor  is  product  interdependency.   In  today's  multiproduct  firm, 
interdependencies  between  new  and  old  products  are  almost  always  present 
and  should  not  be  neglected  when  the  new  product  decision  is  made. 

"DIFFERENTIAL"  CONSIDERATIONS 

The  new  product  will  become  part  of  the  firm's  product  line.   It 
may  be  complementary  to  the  line  and  aid  the  other  product  offerings 
or  it  may  have  substitution  effects  and  reduce  the  marketing  effectiveness 
of  existing  products.   The  performance  of  the  new  product  itself  is 
not  a  satisfactory  criterion  for  the  decision  to  add  the  product  when 
interdependencies  are  present.   The  decision  should  be  based  on  the 
change  in  the  total  line's  performance.   Rather  than  basing  the 
acceptance  of  the  product  on  the  profit  of  the  new  product  alone,  the 
change  in  the  total  line  profit  should  be  considered.   The  change  in 
the  total  line  profit  is  called  the  "differential  profit."   The  use 
of  "differential"  parameters  allows  the  explicit  consideration  of 
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product  interdependency  effects. 

In  actual  business  practice  two  basic  errors  may  be  made  regarding 
the  place  of  interdependency  in  decisions.   In  some  situations  inter- 
actions are  neglected  and  in  others  they  are  given  too  much  emphasis. 
An  example  of  the  second  error  is  the  situation  where  a  new  product 
idea  is  rejected  because  it  will  "steal  sales  from  another  product." 
Both  of  these  errors  can  be  eliminated  by  explicitly  considering  the 
effects  of  interactions  and  specifying  the  best  marketing  policy  for 
the  line.   If  a  product  is  known  to  have  demand  substitution  effects 
with  other  products^  this  may  not  make  it  a  poor  product;  other  inter- 
actions may  outweigh  the  demand  consideration.   Changes  in  the  design 
and  marketing  characteristics  of  new  or  old  line  products  might  also 
make  the  new  product  a  good  investment  on  the  basis  of  the  differential 
profit.  Likewise,  if  the  old  line  profits  were  expected  to  decline^ 
the  new  product  may  be  a  wise  investment  even  if  it  does  not  increase 
total  profits  above  their  current  level,  since  it  is  the  differential 
line  profit  and  not  the  absolute  level  of  profit  that  is  important. 

With  the  concept  of  differential  profit  in  mind,  the  notions  of 
complementarity  and  substitutability  can  be  defined.   If  the  differential 
profit  is  greater  than  the  profit  of  the  new  product,  the  product  is 
complementary  to  the  line.   If  the  differential  profit  is  less  than 
the  new  product  profit,  the  product  has  substitution  effects  with  the 
line.   Only  when  the  differential  profit  is  equal  to  the  new  product 
profit  is  it  justifiable  to  consider  the  product  independently. 


AREAS  OF  INTERDEPENDENCY 

The  interaction  effects  measured  by  the  differential  profit  are 
actually  the  resultant  effects  of  component  interactions  in  the  areas 
of  demand,  cost,  allocation,  and  uncertainty. 

Demand  Interaction.   The  importance  of  demand  interaction  has  long 
been  recognized  by  economists.   Economic  theory  first  considered  the 
relationship  between  products  to  be  designated  by  the  sign  of  the  cross 
partial  of  the  utility  function.   Since  the  cross  partial  is  not  in- 
variant in  sign  under  a  change  in  the  index  of  utility,  the  theoretical 

measure  most  accepted  by  economists  today  is  the  sign  of  the  substitution 
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terra  of  the  Slutzky  equation.   These  theoretical  considerations  can 

be  made  operational  by  the  use  of  the  concept  of  cross  elasticities. 

The  price  cross  elasticity  measures  the  proportionate  change  in  the 

quantity  of  one  product  sold  as  the  result  of  the  proportionate  change 

in  the  price  of  another  product.  The  cross  price  elasticity  could  be 

supplemented  by  at  least  two  non-price  cross  elasticities  that  measure 

the  effects  of  advertising  and  sales  effort.   These  cross  elasticities 

would  provide  the  framework  to  consider  interaction  effects  between 

the  marketing  variables  of  one  product  on  the  sales  of  another. 

These  cross  elasticities  can  be  utilized  in  specifying  a  demand 

function  for  a  new  product.   Given  the  basic  demand  format  proposed 

by  Philip  Kotler,  the  interaction  effects  can  be  added  in  the  following 
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form  for  a  two  product  line: 


X  =  f(life  cycle,  industry,  c5©mpetitive  effects)  •  (INTERACTIONS) 

CPE   CAE   CDE 
where  (INTERACTIONS)  =  ?^        A^        D 

X  =  demand  for  product  one 
P  =  price  of  product  two 
CPE  =  cross  price  elasticity 

A-  =  advertising  for  product  two 
CAE  =  cross  advertising  elasticity 

D.  =  distribution  effort  on  product  two 
CDE  =  cross  distribution  elasticity 
This  formulation  does  have  the  disadvantage  of  requiring  the  cross 
elasticities  to  be  constant.   A  general  formulation  which  allows  non- 
linear and  discontinuous  interaction  relationships  can  be  developed 
by  the  use  of  "cross  response  functions."  A  cross  response  function 
measures  the  proportionate  change  in  the  sales  of  one  product  as  the 

result  of  an  absolute  change  in  a  parameter  of  another  product.   The 

CPE 
P    term  in  the  equation  can  be  replaced  by  the  cross  response  function 

to  provide  a  generalized  statement  of  demand  interaction  effects.   If 

"n"  products  are  in  the  line,  the  interaction  effects  can  be  expressed  as: 

(INTERACTIONS)  =  CPR,  ^CAR,  ^CDR,  ^CPRnCARnCDR,  ^  .  CPR,  CAR-  CDR, 

LZ        LZ        IZ        iJ   iJ   ij     in   in   in 

CPR  .  =  cross  price  response  function  between  product  one  and  "j" 

CAR  .  =  cross  advertising  response  function  between  product  one  and  "j" 

CDR  .  -  cross  distribution  response  function  between  product  one  and  "j" 
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Cost  Interactions.   Cost  interactions  may  be  just  as  important 
as  demand  interactions.   The  technical  production  function  may  favor 
the  production  of  two  products  together  so  that  the  total  variable 
costs  of  production  would  be  less  than  the  sum  of  each  produced 
separately.   If  the  marginal  cost  of  product  one  decreases  as  more 
of  product  two  is  produced^  the  products  are  complements.   Conversely, 
if  the  marginal  cost  increases,  the  products  are  technical  substitutes. 
The  cost  interactions  can  be  encompassed  in  the  framework  of  a  linear 
programming  model  to  minimize  the  total  cost  of  producing  a  given 
set  of  product  line  quantity  requirements.   The  programming  problem 
is  to: 

minimize:    Z  c .1 . 


subject  to:    L   a. .1  >  b.   and  I.  >  0 
j   ij  J  -  1       J  - 


where 


c.  =  cost  of  input  factor  "j" 

I.  =  amount  of  input  factor  "j"  utilized 

a. .  =  technical  production  and  marketing  relationships 
ij 

b.  =  constraint  on  input  values  and  quantities  of  goods 
to  be  produced 


Allocation  Interactions.   Interactions  between  products  are 
automatically  introduced  when  fixed  resources  are  allocated  between 
products.   This  is  true  since  if  one  product  gets  more  of  a  fixed 
resource,  another  must  get  less.   The  resource  constraints  may  be  in 
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the  form  of  a  fixed  productive  capacility,  fixed  distribution  system, 
limited  management  skill,  or  a  specified  budget  restriction.   These 
interactions  are  important  since  adding  a  new  product  usually  will 
change  the  optimum  allocation  of  resources.   Considering  the  product 
alone  may  result  in  a  sub-optimum  for  the  product,  but  not  an  optimum 
for  the  complete  line.   The  total  optimization  is  achieved  by  maximizing 
the  total  differential  profit  subject  to  the  constraints  on  the  firm 
and  the  product.  The  problem  is  to: 

maximize:   Differential  Profit  =  f (P, ,  A, ,  D,,  ...  P.,  A.,  D.,  ...  P  ,  A  ,  D  ) 

1'   1'   1       i'  i'      X  n'      n'      n 

subject  to:   E  A^  <  A^  ,   21  D^  <  D^   ,   and  x^  <  x^ 
1  i 

where:    P  =  price  of  product  "i" 

A.  =  advertising  expenditure  for  product  "i" 

D.  =  distribution  expenditure  for  product  "i" 
1 

A  =  advertising  budget  for  the  line 
D  =  distribution  capacity  for  line 
x   =  productive  capacity  level  for  product  " i" 
The  objective  function  of  this  constrained  maximization  is  very 
complex  and  the  analytic  methods  of  mathematical  programming  and 

Lagrangian  analysis  are  not  powerful  enough  to  cope  with  the  complications 
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interjected  by  the  consideration  of  interdependency.    The  optimization 

must  be  carried  out  by  a  systematic  trial  and  error  search  routine  which 

maximizes  the  differential  profit  generated  by  the  product. 


Uncertainty  Interactions.   The  maximum  differential  profits  must 
be  balanced  against  the  uncertainty  associated  with  the  new  product 
before  a  decision  can  be  reached.   The  uncertainty  associated  with  a 
product  line  is  not  generally  the  sum  of  the  uncertainty  of  each 
product.   Fluctuations  in  one  product  may  amplify  or  compensate  for 
fluctuations  in  other  products.   The  change  in  the  total  product  line 
uncertainty  must  be  considered  when  adding  a  new  product.   This  may 
be  conceived  of  as  "dif ferenatial  uncertainty"  and  it  is  mathematically 
expressed  as; 

DU  =  V  +  V  -  2  COV(Pr,  Pr') 
where:       DU  =  differential  uncertainty 

V'   =  variance  of  the  new  line  profits 

V   =  variance  of  old  line  profits 

COV(Pr^  Pr')  =  covariance  of  new  line  profits  (Pr')  and  old  line 
profits  (Pr)  or  E[ (Pr-E(Pr)) (Pr ' -E(Pr ' )) ] 

The  decision  to  either  add,  reject,  or  study  more  extensively  the 

new  product  can  be  determined  by  combining  the  differential  profit, 

differential  uncertainty,  and  investment.   If  the  probability  of  making 

a  minimum  rate  of  return  on  investment  is  above  a  specified  acceptance 

level,  a  commitment  is  made  to  market  the  product;  if  the  probability 

is  below  a  specified  rejection  level,  the  product  idea  is  not  accepted; 

and  if  the  probability  is  intermediate,  the  product  will  receive  further 

study. 
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CASE  STUDY  IN  NEW  PRODUCT  DECISION  MAKING 

A  proposed  theoretical  decision  model,  such  as  the  one  suggested 
in  this  paper,  does  not  become  useful  in  the  solution  of  applied 
marketing  problems  until  it  is  established  that  the  model  has  practical 
value.  A  case  study  has  been  carried  out  to  demonstrate  how  the  proposed 
decision  model  can  be  implemented  in  an  actual  business  decision  situation. 

Institutional  Background.   The  case  was  conducted  in  an  industrial 
market.   The  firm  concerned,  called  "Chemi"  in  this  study,  produced 
basic  chemical  products  which  were  processed  by  other  manufacturing 
concerns  into  finished  goods.   Chemi  had  developed  a  new  nylon  compound 
which  had  both  cost  and  performance  advantages  in  several  significant 
markets.   It  was  estimated  that  the  new  product  would  experience  demand 
interactions  with  two  other  products  currently  being  marketed  by  the 
firm.   The  most  important  interaction  was  with  plastic  compound  used 
for  small  gears.   The  new  product  would  compete  with  this  product 
directly  on  the  basis  of  price  and  performance  advantages.   The  second 
market  affected  by  the  new  product  was  a  small  specialty  market  for 
bearing  linings.   The  new  nylon  would  have  performance  advantages 
in  this  market,  but  its  major  advantage  would  be  that  its  costs  were 
much  lower.   The  remainder  of  the  sales  for  the  new  product  would  come 
from  markets  in  which  Chemi  had  no  product  offerings.   The  firm  wanted 
to  know  if  the  product  should  be  introduced,  should  be  rejected,  or 
if  more  studies  should  be  done  on  the  product. 
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In  this  case  study  the  proposed  decision  model  was  called  "SPRINTER. 
This  stands  for  Specification  of  PRof its  with  INteraction  under  Trial 
and  Error  Response. 

Input  to  Model.   The  starting  point  for  the  data  gathering  for 
SPRINTER  was  a  description  of  some  specific  marketing  program  that  the 
firm  could  visualize  for  the  product  over  the  planning  period  of  ten 
years.   This  program  included  the  price,  advertising,  and  distribution 
plans  for  the  new  and  old  products  and  the  competitive  strategies  for 
these  products  over  the  ten  year  period.   The  execution  of  the  marketing 
program  would  result  in  the  generation  of  sales  for  the  new  product 
in  each  year.   The  estimates  of  these  quantities  for  each  year  in  the 
planning  period  comprised  the  reference  life  cycle  estimate  for  the 
planning  period.   The  input  estimates  for  the  life  cycle  were  closely 
described  by  the  equation: 

H(4-t)  (100  e  •   ^   ^)  +  H(t-5)  (1000(10.07)         ) 


H(t-4)     ]  and  H(t-5) 


t   =   time  period  of  analysis 
The  first  four  years  were  best  described  by  an  exponential  function 
and  the  last  six  years  by  a  Gompertz  function. 

This  life  cycle  estimate  was  considered  the  reference  point  for 
the  determination  of  the  parameter  response  functions.   All  response 
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functions  measured  the  deviations  from  the  reference  life  cycle  estimates 
produced  by  changes  in  price,  advertising,  or  distribution.  For  example, 
questioning  revealed  the  new  product  price  response  function  to  be: 


PR 


=  (268/P   -  104.5)  -  .844     where  P  =  new  product  price. 

This  function  implies  that  if  prices  were  decreased  to  $200/carton, 
the  sales  would  be  almost  twice  the  reference  level  in  that  period. 
The  equation  of  this  response  function  changed  during  the  planning  period 
to  indicate  the  changing  price  sensitivity  of  the  new  product.   Similar 
functions  were  determined  for  advertising  and  distribution  response. 

Demand  interdependencies  were  considered  by  the  development  of 
interaction  response  functions.   These  functions  were  expressed  in 
terms  of  the  penetration  the  new  product  would  make  into  existing 
product  markets.   For  example,  the  price  cross  penetration  response 
function  for  the  new  nylon  (product  X)  and  old  gear  (product  Y)  markets 
was: 

PENRYX  =  PENYX  •  (x/x„)  •  (.1)  (P    -  P  ) 

R        xy   y 

PENYX  =  reference  penetration  of  product  X  into  market  Y 
P  =  price  of  product  Y 

y 

P   =  price  of  product  X  in  market  Y 
xy 

The  term  x/x  reflects  the  belief  that  the  penetration  into  market  Y 
K 

will  be  proportionate  to  the  total  sales  of  product  X.   This  function 
measures  the  demand  interactions  between  the  two  products  and  reflects 
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the  changes  in  penetration  from  the  reference  levels  as  the  price  of 
the  new  or  old  products  is  changed. 

The  competitive  effects  in  the  new  product  market  were  described 
on  the  premise  that  the  competition's  strategy  would  be  to  enter  with 
a  similar  product  at  the  same  price,  but  \\7ith  twice  as  much  advertising 
and  distribution  effort.   The  market  share  of  the  introductory  firm 
was  defined  on  the  basis  of  the  relative  cumulative  marketing  effec- 
tiveness of  the  firm. 

The  best  estimate  of  the  entrance  time  of  competition  was  five 
years  after  the  introduction  of  the  new  product.   As  new  firms  entered 
the  market,  aggregate  industry  effects  were  produced  and  were  functionally 
analyzed.   The  effect  of  the  combined  marketing  effort  was  to  increase 
the  industry  sales  by  twenty-five  percent  at  the  reference  marketing 
program  for  the  new  product. 

The  total  life  cycle,  industry,  competitive,  and  interaction 
effects  were  combined  to  define  the  total  demand  equations  for  each 
product  in  the  line  (as  indicated  on  page  four) .   When  the  total 
minimum  cost  of  producing  the  new  line  was  subtracted  from  the  total 
new  line  revenue  (price  times  quantity  demanded  for  each  product),  the 
new  line  profits  were  determined.   The  differential  profit  was 
specified  when  the  estimated  old  line  profits  were  deducted  from  the 
new  line  profits.   The  differential  profit  was  optimized  subject  to 
the  constraints  on  the  decision.   Several  important  constraints  limited 
the  number  of  feasible  solutions  to  be  tested  by  SPRINTER.   The  constraints 
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upon  the  new  product  allocation  model  were  in  the  form  of  constraints 
on  the  advertising  budget,  plant  output  capacity,  technical  service, 
and  pricing  policy. 

The  input  data  used  to  calculate  the  differential  profit  were  not 
known  with  certainty.   Distributions  of  each  of  the  parameters  about 
the  best  estimates  were  obtained  and  combined  to  produce  aggregate 
confidence  estimates.   In  calculating  the  total  uncertainty,  the  same 
underlying  factors  affected  the  demand  for  the  new  nylon  and  the  old 
gear  and  bearing  products.   These  interactions  were  analyzed  by  using 
the  format  proposed  by  Harry  Markowitz.   This  procedure  requires  that 
some  underlying  index  be  specified  which  would  reflect  the  common  aspects 
of  the  interacting  products.  The  variance  of  this  index  was  specified 
and  then  combined  with  the  relationships  of  each  of  the  products  to 
the  index  to  yield  an  estimate  of  the  covariance  between  each  product. 
The  uncertainty  and  differential  profit  data  formed  the  basic  input 
for  the  SPRINTER  model. 

Output  of  Model.   To  maximize  profits  SPRINTER  utilized  a  simulation 
approach  which  began  by  evaluating  Chemi's  proposed  marketing  plan. 
Chemi's  proposed  pricing  policy  was  to  sell  the  new  product  at  $350/ 
carton  for  the  first  three  years  and  $250/carton  for  the  remaining 
seven  years.   One  percent  of  the  sales  force  would  be  allocated  to 
the  new  product  and  $10,000  per  year  of  advertising  would  be  purchased 
for  the  product.   This  marketing  program  resulted  in  the  generation  of 
a  total  new  product  profit  of  $8,350,000  when  the  product  was  evaluated 
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independently.   Since  the  total  investment  for  the  new  product  was 
$8,000,000  the  product  might  have  been  accepted  if  certainty  was 
assumed,  and  if  the  product  was  considered  independent  of  the  existing 
products.   But  the  product  was  not  independent;  significant  interde- 
pendencies  were  present.   The  total  discounted  differential  profit  for 
the  new  product  was  only  $5,999,000.   The  loss  in  the  profits  of 
existing  gear  and  bearing  products  accounted  for  the  reduction  of 
the  profit  of  the  new  product  from  8.4  million  dollars,  when  viewed 
independently,  to  six  million  dollars,  when  viewed  as  an  integral 
part  of  the  product  line.   The  decision  at  the  initially  proposed  marketing 
mix  would  have  been  to  reject  the  product.   The  level  of  discounted 
differential  profit  was  below  the  eight  million  dollars  of  required 
investment  and  there  was  less  than  the  specified  probability  (fifty 
percent  for  a  rejection)  of  making  the  minimum  rate  of  return  (fifteen 
percent) . 

Although  the  project  would  have  been  rejected  by  SPRINTER  at  the 
reference  price  level,  this  did  not  have  to  be  true  for  all  marketing 

programs.   By  the  application  of  a  trial  and  error  search  routine, 

8 
SPRINTER  suggested  a  better  marketing  mix  over  the  life  cycle. 

SPRINTER  recommended  a  price  of  $250/carton  for  the  first  three  years 

and  prices  near  $200/carton  for  the  remaining  seven  years.   The  use 

of  this  pricing  policy  and  the  original  advertising  and  distribution 

allocations  improved  profits  greatly.   The  total  discounted  differential 


14 


profits  attributable  to  the  new  product  were  increased  to  $10,830^000. 
The  price  determination  was  very  sensitive  in  this  case  and  SPRINTER 
was  able  to  improve  profits  4.8  million  dollars  by  an  optimal  price 
determination  routine.   Even  at  this  profit,  however,  the  product  could 
not  be  adopted  since  there  was  le  ss  than  the  specified  probability 
(ninety  percent  for  acceptance)  of  making  the  minimum  rate  of  return 
(fifteen  percent)  on  the  investment. 

The  full  power  of  the  program  was  not  exhausted  at  this  point. 
SPRINTER  proceeded  to  analyze  the  effects  of  varying  the  constraint 
levels.   Enlarging  the  plant  size  increased  profits,  but  would  not 
produce  a  decision  to  accept  the  product.   Increasing  the  sales  force 
by  one  man  did  produce  a  decision  to  accept  the  new  product.   With 
a  larger  sales  force  the  total  profit  was  12.2  million  dollars  and 
based  on  a  differential  uncertainty  of  2.77  million  dollars  there  was 
a  ninety-one  percent  probability  of  making  fifteen  percent  rate  of 
return  on  investment. 

Summary.   The  output  of  SPRINTER  was  the  decision  to  add  the  new 
product  to  the  line  and  to  use  a  marketing  mix  over  the  life  cycle 
that  represented  a  simultaneous  specification  of  price,  advertising, 
and  distribution  at  their  best  combination  of  values,  given  the  best 
level  of  constraints  on  the  firm's  operations.   The  specification  took 
full  consideration  of  demand,  allocation,  and  uncertainty  interdependencies . 
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The  optimum  price,  advertising,  and  distribution  mix  occurred  at  a  point 
where  the  differential  profit  was  six  million  dollars  more  than  the 
profit  level  which  would  have  occurred  at  the  marketing  mix  proposed 
by  Chemi  Corporation. 

The  preliminary  case  study  was  a  success.   Real  input  data  was 
processed  to  yield  a  meaningful  decision  and  a  significant  increase 
in  profits.   All  the  essential  elements  of  the  decision  were  incorporated 
in  the  model  and  the  important  factor  of  product  interdependency  was 
explicitly  analyzed.   This  case  study  could  not  be  construed  as  a 
complete  validation  of  SPRINTER,  but  the  model  represents  a  first 
step  towards  a  meaningful  mathematical  consideration  of  product  inter- 
dependency in  new  product  decisions. 


FOOTNOTES 

This  term  is  suggested  because  of  the  analogy  to  the  total  differential 
concept  of  mathematics.   Professor  Fritz  Machlup  first  proposed  the  term 
with  regard  to  "differential  revenue". 

2 
See  J,  R.  Hicks,  Value  and  Capital,  2nd  ed.  (Oxford:  Oxford  University 

Press,  1946),  p.  309  for  additional  information. 

3 
Philip  Kotler,  "Competitive  Strategies  for  New  Product  Marketing 

Over  the  Life  Cycle,"  Management  Science,  XII  (December  1965),  B-104 

to  B-119,  presents  the  mathematics  of  the  first  three  terms  of  the 

functional  equation. 

4 
See  Glen  L.  Urban,  "A  Quantitative  Model  of  Product  Planning  With 

Special  Emphasis  on  Product  Interdependency"  (unpublished  Ph.D. 

dissertation,  Northv\festern  University,  June  1966),  pp.  55-65  for  a 

substantiation  of  this  remark. 

See  Urban,  pp.  98-99  for  the  mathematical  equation. 

See  Urban,  pp.  117-120  for  the  detailed  mathematical  equation. 

Harry  M.  Markov;itz,  Portfolio  Selection  (New  York:  John  Wiley,  1959), 
pp.  96-101. 

SPRINTER  systematically  evaluated  a  range  of  two  million  marketing 
programs  in  optimizing  the  differential  profit.   The  running  time  for 
SPRINTER  was  one  and  one-half  hours  on  a  CDC3400  computer  (about  $650 
of  computing  time) . 


-  16 


BIBLIOGRAPHY 


Alderson,  Wroe,  and  Paul  E.  Green,  Planning  and  Problem  Solving 
in  Marketing,  Homewood,  Illinois:  Irwin,  1964, 

Anderson,  Sigurd  L. ,    "Venture  Analysis,"  Chemical  Engineering 
Progress,  LVII  (March  1961),  80-84. 

Charnes,  A.,  W.  W.  Cooper,  J.  K.  DeVoe,  and  D,  B.  Learner,  "DEMON: 
Decision  Mapping  Via  Optimum  GO-NO  Networks  --  A  Model  for  Marketing 
New  Products,"  A  paper  presented  at  the  Tenth  International  Meeting 
of  the  Institute  of  Management  Sciences,  1963. 

, ,  ,  __,  DEMON: 

Mark  II:  Extremal  Equations  Approach  to  New  Product  Marketing,  The 
Technological  Institute,  Northwestern  University  (Systems  Research 
Report  No.  110) . 


DEMON:  Mark  II:  Extremal  Equations  Solution  and  Approximation,  The 
Technological  Institute^  Northwestern  University  (Systems  Research 
Report  No.  122) . 

Dean,  Burton  V.,  Quantitative  Methods  in  New  Product  Planning, 
Case  Institute  of  Technology,  1964. 

Hicks,  J.  R.,  Value  and  Capital,  2nd  ed. ,  Oxford:  Oxford  University 
Press,  1946. 

Kotler,  Philip,  "Competitive  Strategies  for  New  Product  Marketing 
Over  the  Life  Cycle,"  Management  Science,  XII  (December  1965), 
B-104-119. 

,  "Computer  Simulation  in  the  Analysis  of  New 

Product  Decisions,"  a  paper  presented  at  a  symposium  on  "Application 
of  the  Sciences  in  Marketing  Management"  held  July  12-15,  1966, 
at  the  Herman  C.  Krannert  Graduate  School  of  Industrial  Administration, 
Purdue  University,  Lafayette,  Indiana. 

Learner,  D.  B.,  "DEMON:  A  Management  Planning  and  Control  System 
for  Successfully  Marketing  New  Products,"  Proceedings  of  the  American 
Marketing  Association,  June  1964,  393-408. 

Markowitz,  Harry  M., Portfolio  Selection:  Efficient  Diversification 
of  Investments,  New  York:  John  Wiley,  1959. 

O'Meara,  John  T.,  "Selecting  Profitable  Products,"  Harvard  Business 
Review,  XXXIX  (January-February  1961),  83-89. 


Pessemier,  Edgar  A. ,  New  Product  Decisions:  an  analytical  approach, 
New  York:  McGraw-Hill,  1966. 

Rice,  Donald  B.,  Product  Line  Selection  and  Discrete  Optimizing, 
Institute  for  Quantitative  Research  in  Economics  and  Management 
Paper  no.  66,  Purdue  University,  196^. 

Urban,  Glen  L,  "A  Quantitative  Model  of  Product  Planning  With 
Special  Emphasis  on  Product  Interdependency,"  an  unpublished  Ph.D. 
dissertation.  Northwestern  University,  June  1966. 


•:  ■■■:i-?^mm 


BASE^^EBate  Dub 

^ 

DEC  ?  i  '75 

FEB  1  o  ZG 

lj« 

0EC2  2'T5 

^f4Wlo  7B 

:k1^2S 

113 

FEB  )  8  76 

D&0  27  "1^ 

(^ 

SEP   1  f  "^^ 

MAY  SI'S? 

.«jr^ 

JUL' 

«G?.6ae 

Lib-26- 

-67 

■^  HD28  M.I.T.  Alfred  P.    Sloan 

||l  "llillllliilll  .M^l^  School  of  Management 

I  II  liilll  Nos.211-66"Vorking  Papers. 

3  VofiD    DD3    SbT    fl'IS  N0S.22U-66N0S. 211-66  to  Nos.22U-66 


3    TDflO    OD 


M(T  ilBltJRlES 


3  flbi  bm 


/ 


3    ^Q6D    DD3    flbl    713 


3    TDflD    D 


3    TDD    fiS 


2 


3   1060   003   TOO   b33 


Z.12-^6 


EASEMENT 


SIGN  this  card  and  present  it  with  book 
iV-fe^  at  the  CIRCULATION  DESK. 


15-6-^ 


MASSACHUSETTS  INSTITUTE  OF 
TECHNOLOGY  LIBRARIES 


3    TOflD    DD 


3    fl?Q    2MD 


/fe-fc^ 


DEWEY  LIBRARY 


\ 


3    TOaO    003    ^01    300      2-/-7-^g, 

J 


yrr   .JB»«*TrS 


3    TD6 


0    003    =1 


01    2fi4 


TOfi 


0    0 


3    TOflO    00 


:-GQ 


7'2H-C'6 


3    fl?0    307 


03    TDl    2b6 


211 -L 


u(. 


3    TOfiO    003    fi7Q    2fil 

I  ||piii|ip|i'JRniiIiiiiii|iii|i 

3    TOfiO    003    670    2b5 


1      ^2^'(>^ 


